with those choosing to grow wheat as a forage-only or GO crop (Redmon et al., 1995), but they need to follow
N fertilizer applied in the fall. The extra N can increase the nitrate levels in wheat forage (Raun and Westerman, 1991; MacKown and Weik, 2004) , thereby increasing H ard winter wheat grown in Oklahoma and the potential health risks affecting performance of young surrounding areas of the Texas Panhandle, southgrazing ruminants (Strickland et al., 1995; Undersander ern Kansas, eastern New Mexico, and southeastern Colet al., 1999) . orado is managed as GO, grazing-only, grazing plus Wheat cultivars used for DP are typically developed grain (DP), and as a hay or silage crop. Wheat pastures by wheat breeders that make selections based on perforin the southern Great Plains have a pivotal role in the mance in GO production systems rather than DP sys-U.S. beef (Bos taurus L.) industry by providing the link tems. Because of genotype ϫ environment interactions for millions of fall stocker calves received annually that (Krenzer et al., 1992) and genotype ϫ production system pass from more than 500 000 farms across the southern interactions, cultivar development based solely on selec-USA to feedlots located in the Great Plains. Because tion in a GO production system may compromise gains grasslands in the southern Great Plains are dominated in genetic improvement of desirable traits for wheat by warm-season species, the predominate source of used in DP production (Khalil et al., 2002) . Furthercool-season forage is wheat. Consequently, as much as more, forage and grain yields of small-grain cereals are 80% of the total wheat acreage in the southern Great uncorrelated (Ud-Din et al., 1993) or only poorly correPlains is grazed (Pinchack et al., 1996) . Typically in lated (Atkins et al., 1969) , which underscores the need Oklahoma, about 40% of the wheat acreage is grown to consider both forage and grain traits of wheat inas a DP crop (Hossain et al., 2004) . Wheat producers tended for use as a DP crop. Because the evaluation choosing a DP management system have greater flexiand selection of wheat genotypes in a DP system has bility and additional economic advantages compared the added complexity and expense of using livestock, knowledge of the benefits of using a DP production C.T. MacKown, USDA-ARS, Grazinglands Research Lab., 7207 W.
system to select genotypes intended for DP is essential. 
MATERIALS AND METHODS

Development of Experimental Materials
Released and experimental genotypes of winter wheat were hybridized in single-cross and three-way-cross combinations to form 23 populations (Table 1 ). These combinations constituted a representative sample of crosses routinely made in the winter wheat cultivar development program at Oklahoma State University. From the F 1 generation grown in the greenhouse, each F 2 seedlot was divided and planted in field plots assigned to GO and DP systems at the Wheat Pasture Center in two subsequent generations (Fig. 1) , ending with the F 4 generation harvested in 1999. The term subpopulation will be occurred in late February to early March, as determined by used to identify a population advanced in one of the two the appearance of hollow stems in nongrazed plants of an selection environments (GO or DP management system).
early maturing cultivar planted on the same day as the DP Generation advance was achieved by harvesting each subpopplots. Additional details regarding pasture management, forulation in bulk. No artificial selection was imposed beyond age availability, and cattle performance were provided by that emanating from environmental conditions inherent to Khalil et al. (2002) for the 1997-1998 and 1998-1999 cropping each system. In addition to the system-derived pairs of subpopseasons, and are representative of the 1999-2000 season. ulations, a base subpopulation was produced by growing the Plots representing the DP system were planted 3 Sept. 1997, original F 2 generation in a seed-increase nursery at Stillwater, 28 Sept. 1998, and 22 Sept. 1999 , with a seeding rate of 77 kg OK, 56 km east of the Wheat Pasture Center. This singleha Ϫ1 . Plots in the GO system were planted about 3 to 5 wk generation increase offered a reasonable compromise for prolater: 17 Oct. 1997 , 16 Oct. 1998 , and 29 Oct. 1999 , with a ducing sufficient seed for field testing and maintaining genetic seeding rate of 58 kg ha Ϫ1 . No fungicides were applied to variability present in the original F 2 population, while recontrol diseases, which primarily consisted of leaf rust caused stricting natural selection in a field environment to one year.
by Puccinia triticina Eriks. in both systems. Symptoms of barAn additional set of three subpopulations was generated, ley yellow dwarf were noticeable only in the early planted for a total of 24 sets, by treating a foundation-seed source of DP system. The soil was a fine, mixed, superactive, thermic the hard red winter wheat cultivar 2174 in the same way as Udertic Paleustoll (Kirkland silt loam). Actual applied N, in the hybridized populations. Though considered to be an F 3 -the form of anhydrous ammonia, was adjusted for residual derived highly homozygous line, 2174's appearance as a hetmineral nitrogen in the top 60 cm of soil. Nitrogen was applied erogeneous line lent itself to treatment as a bulk population.
across the entire pasture in amounts considered adequate to Hence, 24 sets of three subpopulations comprised the experimeet a grain yield goal of 3000 kg ha Ϫ1 and a dry forage yield mental materials used in this study. System-derived subpopuof 3500 kg ha Ϫ1 . Soil phosphorus and potassium were adequate lations were evaluated as F 5 bulks, whereas the base subpopufor these targets, but the pasture was limed with 2500 kg ha Ϫ1 lations were evaluated as F 3 bulks.
effective calcium carbonate equivalent in July 1998 to correct Agronomic practices followed during the generation-advance soil pH that had declined to Ͻ5.0. stages (F 2 -F 4 ) were consistent with those used by wheat proAll plots were harvested for grain on the same day, typically ducers in the southern Great Plains (Krenzer, 1994) . The corin early June. Each plot was 3 m long with five rows spaced responding cropping seasons were 1997-1998, 1998-1999, and 23 cm apart. The three middle rows were harvested with a 1999-2000. The two management systems were established in rice binder to collect seed to advance to the next generation. the same 9-to 10-ha pasture, separated by an electrical fence to contain grazing cattle in the DP area. Stocker cattle grazed
Field Testing of Experimental Materials
the wheat pasture as part of stocking rate or supplementation studies conducted at the Center, with a target stocking rate
The 24 triplicate sets of subpopulations were arbitrarily of 2 steers ha Ϫ1 . Stocking rate was adjusted within the grazing divided into two nurseries of 12 sets each (Nursery 1, Nursery season according to forage availability. Grazing commenced 2) to accommodate replicated field testing. Using a split-plot design with three complete blocks, the 12 sets were assigned during late October to late November. Grazing termination Selection environment was a significant effect for total
These included Custer (semiprostrate), Jagger (semierect to N but not nitrate levels.
erect), and 2174 (erect). To maintain balance of field design, each check was assigned to a set of three split-plots and ran-
Forage Biomass
domized along with the 12 sets of experimental genetic backgrounds in each Nursery, though differences among them were
In 2001, bulk populations selected from a DP manageconsidered strictly environmental.
ment environment had mean fall forage biomass that
The two nurseries were maintained as separate but contigutended to be less (Nursery 1, P ϭ 0.093; Nursery 2, P ϭ ous experiments in the field. Experiments were established in 0.068) than the GO and base populations (Fig. 2) . For the GO system.
Each subplot was 3 m long with five rows spaced 23 cm apart.
The trend for less forage biomass among the populations selected from a DP system may be associated with Data Collection and Analyses a more pronounced prostate growth habit than among (AN 62/83; Tecator, 1983) . Statistical analyses of the genetic backgrounds were performed using ANOVA procedures. Genetic background was considered random and data were analyzed as a mixed model using JMP software (SAS Institute, 2002) . The two nurseries were analyzed separately and the check cultivars were excluded when testing effects among the two sets of experimental genetic backgrounds. Means Ϯ SE of check cultivars were calculated using observations from both nurseries within each year (SAS Institute, 2002). in Table 2 . Nearly always, the genetic background ϫ system (Carver and MacKown, 2001 and 2002 , unpub-2002 , probably accounts for the low biomass production in 2002 rather than a limitation of rainfall (Table 4) . lished data). The shift toward a juvenile prostate growth habit would be consistent with a reversal of the hypotheCompared with the ranking trend of fall forage biomass in 2001, poor climatic conditions and an inadequate sized change from a low to a high frequency of erect phenotypes as wheat was domesticated and grazing was duration for forage development may have masked a similar trend in 2002. Among the check cultivars, biocontrolled (Waisel, 1987) . As the ranking among wheat cultivars changes from prostrate to an erect juvenile mass accumulation in 2002 appeared to be substantially less (36 to 55%) than in 2001; however, the trend of growth habit, there is an increase in the amount of forage biomass that accumulates between planting in increasing biomass with increasing erectness of the forage growth habit was still evident (Table 3 ). In 2002, late August and clipping in late October (Carver et al., 1991) . Biomass accumulated by the three check cultivars most of Nursery 1 subpopulation biomass means were similar to Custer (lowest among the three checks), but in 2001 followed this trend. Custer, a cultivar with a semiprostrate forage growth habit, accumulated 41% those of Nursery 2 fell between the lower and upper less biomass than 2174, a cultivar with an erect forage biomass levels of the check cultivars (cf. Fig. 2 and growth habit (Table 3 ). In 2001, the fall forage produc- Table 3 ). tivity of the experimental subpopulations was comparaWhile the forage biomass values we observed were ble with the commonly grown check cultivars because often within the range of values reported for fall wheat the biomass means of the subpopulations were brackpastures in central Oklahoma (Carver et al., 1991; Epeted by the range in biomass of the check cultivars (cf. plin et al., 2000; Hossain et al., 2003) , these values often Fig. 2 and Table 3 ). While an erect fall growth habit is were less than the 1992-2000 average of 1730 kg ha Ϫ1 normally considered more desirable for wheat forage measured on a set of 16 pastures also located at the (Ud-Din et al., 1993), selection pressures of a DP system Marshall Wheat Pasture Center (Kaitibie et al., 2003) . leading to prostrate growth habit may be linked to other A 30% decrease in the amount of forage when cattle traits that could improve the performance of wheat inare placed on wheat in the fall translates into a 30% tended for DP use in the southern Great Plains. Prosdecrease in the economically optimum 120-d stocking trate growth habit is associated with low temperature rate (Kaitibie et al., 2003) and a corresponding decrease tolerance and vernalization requirement (Roberts, 1990;  in the potential profit derived from weight gains of Limin and Fowler, 2000) and could have an impact on stockers per unit area of pasture. Consequently, it is winter forage productivity and lengthen the days before critical that the development of wheat cultivars intended first hollow stem when grazing of DP wheat should for DP use be evaluated for fall forage productivity and be terminated to assure good grain yields (Redmon et quality to assure rapid growth of fall-weaned calves as al. , 1996) . well as grain yield, regardless of whether they are generIn 2002, forage biomass means were unaffected by ated from selections made in a DP or GO environment. selection environment and averaged nearly 46% less than those in 2001 (Fig. 2) . The growing degree-days Forage Nitrogen Traits (GDD) for the interval between planting and fall forage Wheat forage from bulk populations selected from a harvest was normal in 2001 but 14% below normal in DP management system consistently had overall total 2002 (Table 4 ). This deficit, coupled with a 13% differ-N concentrations that were slightly greater (2.6%) than ence of 7 d between the planting and harvest interval those of base and GO subpopulations (Fig. 3) . Because of 2001 (56 d) and 2002 (49 d) , resulted in nearly 35% the DP selections seem to have a more prostrate growth fewer GDD in 2002 than 2001. This difference, coupled with a 17% less than normal total solar radiation in habit than the other selections, the proportion of the total biomass as leaf blades with high N concentration were probably greater than the other subpopulations. To confirm this, additional research comparing biomass partitioning and N concentrations between leaf blades and sheaths of fall wheat forage is needed. Among the bulk populations, total N concentrations ranged from 40.9 to 44.3 g kg Ϫ1 dry weight in 2001 and from 39.5 to 45.4 g kg Ϫ1 dry weight in 2002 (data not shown). These total N concentrations were comparable with those of the check cultivars (Table 3 ). The genetic background ϫ similar among the three selection environments (Sets 1, 3, and 12), while in others total N of the DP subpopulation was slightly greater than that of the GO selection Similarly, the average forage nitrate levels of the check but not the base subpopulation (Sets 5, 7, and 10) or cultivars in 2001 exceeded the levels in 2002 by about greater than only the GO selection (Sets 4, 6, 9, and threefold (Table 3 ). In both 2001 and 2002, a few of the 11) (data not shown). In all cases, however, the level of same genetic backgrounds within a nursery had nitrate total N (protein equivalent Ͼ 200 g kg
Ϫ1
) is more than concentrations that ranked Ն75% quartile (Nursery 1, adequate to support high rates of weight gain (up to Sets 5 and 10; Nursery 2, Sets 1 and 8). At the lower range 1.36 kg d Ϫ1 for 135-to 225-kg steers) for stocker calves of nitrate levels, other genetic backgrounds had concen- (Torell et al., 1999) , so the slight difference in total N trations that ranked consistently Յ 25% quartile (Nursery created by selection system should not affect stocker 1, Set 6; Nursery 2, Set 5). In 2001, at least 50% of the performance. Unfortunately, the energy content and 24 genetic background sets had NO Ϫ 3 -N levels exceeding low dry matter (high water content) of wheat limit averthe check 2174 (1790 Ϯ 120 g NO Ϫ 3 -N g Ϫ1 dry wt.; highage daily gains to Ͻ1.0 kg d Ϫ1 when supplement energy est level among the check cultivars), while only one ( Fig. 3 ; is not provided (e.g., Mader et al., 1983; Phillips et al., Nursery 1, Set 9) was less than Custer, the lowest check 1995 , 2001 Pinchack et al., 1996) . cultivar. In 2002, nearly all sets had NO among genetic backgrounds were significant (Fig. 4) . dry wt.), which exceeded the highest check NO Ϫ 3 -N level Overall, mean nitrate levels of fall forage from 2001 by 62% (cf. Fig. 3 and Table 3 ). Because all of the entries (2020 g NO 
